At present there is much discussion on the relation of carcinogenesis to mutation. There are several puzzling problems to be considered, differing somewhat between cancers of spontaneous origin and those induced by some sort of treatment.
The hereditary influence in the origin of spontaneous neoplasms has been repeatedly demonstrated, though there are many cases lacking such evidence. Here is a primary indication that cancerous changes, whatever they may be, have a close relationship to the genes. However, this relationship may be of an indirect sort, some argue; perhaps the inherited trait is rather a specific or local debility predisposing to cancerous development induced by other agents. At any rate there seems to be little evidence for the inheritance of a "general tendency" to cancer.
The significance of pre-cancerous conditions, whether hereditary (e.g., moles?) or induced by irritation or other treatment, is of great interest. If cancer is to be considered analogous to somatic mutation, it would seem to be at least a two-stage affair, one mutation acting to complete the work of another.
But why consider a neoplasm the effect of somatic mutation? The arguments again are varied. There may be difficulty in precise definition of mutation; some sort of "permanent" alteration of the cell, probably of the nucleus, may suffice. Neoplasms maintain their cell-specific features even after long transplanting; statistical study of their induction (Dunning and Curtis5) indicates a close relation to dosage of carcinogen, as mutations follow dosage of mutagen; and various cytological peculiarities have been noted in cancer cells, notably polyteny (Biesele) . Arguments bearing upon the somatic mutation (alteration) idea both pro and con are also given by many investigators (Bauer, 2 Dahlberg, 4 Jones6' 7, 8, 9).
Against the somatic mutation hypothesis are arrayed arguments whose weight derives mainly from the technical difliculty of proving a concept.
The virus-agent hypothesis again has technical handicaps. When the virus is considered a permanent, usually latent parasite, rather than a spasmodic invader, one gets into metaphysics. This idea has also led to the hypothesis that viruses may be free genes, and that the origin of these particles may be related to carcinogenesis - Evidence that carcinogenic compounds are capable not only of inducing cancers of many histological types but also germinal mutations is now sufficient to call forth the formation of some concept by which these two biological phenomena may be considered together, even though the retention of the theory is only tentative. The parallelism between the characteristics of carcinogenesis and mutagenesis is so definite that there must be a common denominator. There are several glaring exceptions to the rules that all carcinogens are mutagens and that all mutagens are carcinogens, so that the final solution or concept cannot now be indicated. In mutagenesis we have presumably at least four possibilities: In the first place X-rays are a source of great energy content that can or may exert an immediate effect on the germinal material or act after a relatively short latent period. In the second place, ultra-violet light of approximately 2600 A is of a sufficient wave length to be selectively absorbed by the nucleoproteins of the cell, thus changing the energy content of a gene, giving rise presumably to a mutant nucleoprotein. In the third place, the nitrogen mustards are dissipated within a relatively short time following their introduction into an experimental animal, and by their metabolism they are capable of yielding energy after a relatively short lag period, presumably to labile elements in the immediate neighborhood. This may also be the fate of methylcholanthrene when injected intraperitoneally. In the fourth place, the carcinogenic hydrocarbons of relatively low degrees of chemical reactivity and solubility, when injected subcutaneously, may be able to exert their mutagenic and carcinogenic properties after a considerable length of time.
It is at present, quite conjectural whether all the above physical and chemical agents can bring about mutations in the same manner. It is obvious that the process or processes involved in the origin of an inversion or a lethal mutation may, in fact, be quite different from the manner by which a point mutation originates, particularly if the mutant belongs to a large series of multiple alleles.
There has been an extensive amount of theorizing in an attempt to explain mutagenesis in terms of "hit" mechanics. Thus, if a quantum or quanta of energy, as supplied by X-rays, would hit the chromosomes in one, two, or more places, breaks or fragmentary chromosomes may be the result. This simple mechanism may explain many of the phenomena of chromosome behavior that can be demonstrated genetically or determined cytologically following the exposure of the experimental plant or animal to X-radiation. Thus Sonneborn,1 the discoverer of the "plasmogene" kappa in paramecium, has recently stated that, "at present, therefore, there is no compelling evidence for concluding either that kappa is a parasite or that it is not." It is well to keep in mind that it is only the animal cell that develops cancer, so that only the cytological or physiological components of animal cells should be considered in the origin of cancer.
A consideration at present dealing with a hypothetical relation between hypothetical plasmagenes and cancer is consequently on a very precarious footing.
There is considerable evidence that many enzyme reactions take place within the cytoplasm. These may or may not be determined or conditioned by influences emanating from the nucleus. It is very probable that carcinogens or their metabolites, when they get within the cell, may "block" enzyme systems. Since the carcinogens are not very active chemically, this blocking action may persist for some time. The effect on the cell would probably be one of two possibilities. The first possibility is that the enzyme system that was blocked may be' replaced by another enzyme system. In this case very little permanent effect on the cell would ensue. Another possibility of blocking an enzyme system of protoplasm would be the draining of hypothetical influences from the nucleus that kept the original enzyme system going. Thus, by draining extensively the nuclear source of influence on enzyme systems in the cytoplasm over a long period of time, something of a drastic nature may be expected to take place. If the cell is not damaged sufficiently to cause its own death then this reaction within the nucleus may take place in the nature of a "bursting out" of the originally well-organized genic material. The bursting out or derangement of genic material must lead to a disturbed physiology and in certain conditions to an uncontrolled physiology and growth and thus to cancer. The above concept is highly speculative but is at least an attempt to explain the origin of cancer in terms of cellular physiology rather than in terms of chemical configuration of the carcinogen. Certainly the specific chemical molecular structure of the carcinogen is involved in the induction of specific types of tumors, but it must be borne in mind, however, that it is the internal changes within the cell, conditioned by the external stimulus, that involve the precise problem of the origin of cancer. Permanent changes have been produced in the microsomes, and it is possible that these bodies may be involved in the origin of cancer. However cancer is a specific characteristic of a cell and it is probable that this specificity can only be determined by influences from the nucleus (genic).
Another Another difference between the mutations induced by X-rays and those induced by chemical means is the fact that, in nature, no species are ever evolved by mutations induced by X-rays, since X-rays are only artificially produced; whereas, in mutations induced by chemical means the situation for evolution is clear. The naturally occurring radioactive chemicals and "cosmic rays" may still be involved in spontaneous mutations of cancer, but the evidence incriminating these is very questionable. One may visualize the possibilities that a source of chemical compounds may have been the inciting force behind evolution, since it is highly possible or even probable that many of these compounds that yield energy in combination with a nucleoprotein may have been introduced into the species through the diet. These combining compounds may also have originated by a deranged metabolism or through necrosis.
The recent work on carcinogenesis and mutagenesis is of biological significance in determining the actual mechanism involved in the origin of cancer. This is of importance since the rational control of a disease should be based upon its true biological nature. It is also of importance in explaining many phenomena of a broad biological significance.
Our great need is to clarify the nature of the mutational changes (if such they prove to be) underlying the phenomena of carcinogenesis and pre-cancerous stages. Between straightforward chromosome breakage effects such as losses, additions, translocations, etc., on the one hand, and ordinary point mutation on the other, there is a curious and not too well-understood realm of position-effect mottling. Pseudo-mutation, both somatic and germinal, is chaotically abundant and also somewhat sensitive to influences of environment with this position-effect mottling. These usually seem to involve the nucleolus and other heterochromatin. This field should also be considered in the cancer problem.
The problem of cancer is therefore not only a problem of medical interest, of general biology, and of genetics in particular, but also may be intimately associated with the process of evolution.
